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(57)Abstract 

PROBLEM TO BE SOLVED: To obtain a lens device for 
projection excellently satisfying various aberrations while 
realizing miniaturization and a wider angle in order to 
miniaturize a projection type picture display device. 
SOLUTION: In this lens device for projection, a 1st 
group lens having negative refractive power, a 2nd group 
lens having positive refractive power and a 3rd group 
lens having positive refractive power are successively 
arranged from a screen side to a picture display element 
side. When it is assumed that the focal distance of an 
entire system is (f), the focal distance of the 1st group 
lens is f1, the focal distance of the 3rd group lens is f3, 
the synthetic focal distance of the 2nd and the 3rd 
group lenses is f23, and the back focus of the entire 
system is fb, the lens device satisfies a condition 
decided by following expressions (1) to (4), (1) 
1.4<&verbar;f1&verban/f, (2) 2.8<f3/f, (3) 3.6<fb/f and 
(4) 0. 1<&verbar;f1/f23&verbar;<0.3. 
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CLAIMS 



[Claim(s)] 

[Claim l] The lens equipment for projection characterized by to be lens equipment for projection for 
carrying out amplification projection of the light modulated by image-display element on a screen, and to 
arrange the 1st group lens which has negative refractive power one by one toward said image-display 
element side, the 2nd group lens with positive refractive power, and the 3rd group lens with positive 
refractive power from said screen side, and to satisfy the following conditions. 

1.4<|fl |/f2.8<f3/f, however f A focal distance fl of the lens equipment whole system for projection : A 
focal distance £3 of the 1st group lens : A focal distance of the 3rd group lens [Claim 2] Lens equipment for 
projection characterized by satisfying the following conditions further in lens equipment for projection 
according to claim 1. 

3.6<fb/f, however fb: A back focus of the lens equipment whole system for projection [Claim 3] Lens 
equipment for projection characterized by satisfying conditions of further the following in lens equipment 
for projection according to claim 1 or 2. 

O.K | fl/f23 | <0.3, however f23 : A synthetic focal distance of the 2nd group lens and the 3rd group lens 
[Claim 4] It is lens equipment for projection characterized by including the 1st lens element made from 
plastics with which said 1st group lens is satisfied of the following conditions in lens equipment for 
projection according to claim 1, 2, or 3. 

7< | fLl / f | , however fLl : A focal distance of the 1st lens of the 1st group lens [Claim 5] Lens equipment 
for projection characterized by carrying out incidence of the beam of light from said image display 
element almost vertically to said 1st lens element in lens equipment for projection according to claim 4. 
[Claim 6] Said 2nd group lens is lens equipment for projection characterized by a field by the side of said 
screen containing the 2nd lens element of the aspheric surface in lens equipment for projection according 
to claim 1, 2, or 3. 

[Claim 7] Said 3rd group lens is lens equipment for projection characterized by a field by the side of said 
image display element containing the 3rd lens element of the aspheric surface in lens equipment for 
projection according to claim 1, 2, or 3. 

[Claim 8] It is lens equipment for projection characterized by said 1st group lens including at least one 
aspheric surface in lens equipment for projection according to claim 1, 2, or 3. 

[Claim 9] It is lens equipment for projection characterized by said 2nd group lens including at least one 
aspheric surface in lens equipment for projection according to claim 8. 



[Claim 10] It is lens equipment for projection characterized by boiling said 3rd group lens in lens 
equipment for projection according to claim 8 or 9, and including at least one aspheric surface. 
[Claim 11] A projection mold image display device characterized by using lens equipment for projection 
according to claim 1, 2, or 3. 

[Claim 12] A projection mold image display device characterized by carrying out eccentricity of the 
optical-axis center of said lens equipment for projection to a center of said screen in a projection mold 
image display device according to claim 11. 

[Claim 13] It is the projection mold image display device characterized by for said screen having the 
Fresnel screen at least in a projection mold image display device according to claim 12, and carrying out 
eccentricity of the center of said Fresnel screen to a center of said projection screen. 

[Claim 14] A projection mold image display device characterized by making a difference of a 
circumference quantity of light ratio of said screen upper and lower sides 10% or less in a projection mold 
image display device according to claim 12. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the lens equipment for 
projection for carrying out incidence of the light from the light source to an image display device, and 
carrying out amplification projection of the reflected light or transmitted light on a screen, and the 
projection mold image display device using it. 
[0002] 

[Description of the Prior Art! As a projection mold image display device, what carried out amplification 
projection of the image of CRT was in use. a liquid crystal display element and a micro mirror display 
device (it be call a DMD element below) be use instead of [ viewpoints /, such as efficient- izing of recent 
years and light and a miniaturization of equipment, and lightweightizing, ] CRT, and the projection mold 
image display which become irregular by embrace the video signal to which the fight from the light source 
be impress by this display device, and penetrate or reflect per pixel, carry out amplification projection of 
that modulation light with projector lens equipment, and obtained the image be develop. 
[0003] 

[Problem(s) to be Solved by the Invention] In the image display device using CRT, although it is possible 
to amend the distortion aberration of a projection image electrically, the thing using a liquid crystal 
display element or a DMD element cannot amend this distortion aberration electrically. Therefore, it is 
necessary to perform distortion aberration optically. 

[0004] Moreover, although the lens equipment for projection using a liquid crystal display element is also 
developed, for example like the publication to JP, 11- 149041, A, a back focus is as short as about 20mm. 
[0005] In view of the above "mentioned technical problem, it succeeds in this invention, and it amends 
many aberration good, carrying out the back focus which can arrange other optics between image display 
elements, such as a liquid crystal display element and a DMD element, and the lens equipment for 
projection, and offers the lens equipment for projection suitable for obtaining a high resolution image. 
[0006] 

[Means for Solving the Problem] Lens equipment for projection concerning this invention for attaining 
the above-mentioned object It goes to an image display element side (an optical incidence side) from a 
screen side (an optical outgoing radiation side). One by one The 1st group lens which has negative 
refractive power, the 2nd group lens which has positive refractive power, When the 3rd group lens which 
has positive refractive power is arranged and a back focus of f23 and the whole system is set [ a focal 



distance of the whole system / a focal distance of f and the 1st group lens / a focal distance of fl and the 
3rd group lens ] to fb for a synthetic focal distance of f3, the 2nd group lens, and the 3rd group lens, It is 
characterized by making it satisfy conditions defined by following formula (l) - (4). 
[0007] 

1.4< | fl | /f (l)2.8<f3/f - (2)3.6<fb/f •- (3)0. 1< | fl/f23 1 <0.3 - Many aberration is amended good by power 
allocation like the 1st group lens [ of (4) above ] - 3rd group lens, securing a miniaturization and 
wide-angle-izing of lens equipment for projection. 

[0008] Conditions of the above (l) and (2) are conditions which reduce the chromatic aberration of 
magnification, and control power of the 1st group lens which is the group to which axial outdoor daylight 
line height becomes the highest, and the 3rd group lens. I If fl | /f and f3/f cut a minimum, amendment of 
the chromatic aberration of magnification will become difficult. 

[0009] Conditions of the above (3) are conditions for securing a BAKKUFU focus. When fb/f cuts a 
minimum, a back focus becomes small and it becomes impossible to arrange an optic between lens 
equipment for projection, a liquid crystal display element, and a DMD element. 

[0010] If | fl / f23 1 exceeds a maximum, positive power of the 2nd and 3 group will become strong, and it 
will become difficult to secure [ of a back focus ] conditions of the above (4). | If fl / f23 1 is less than a 
minimum, negative power of the 1st group lens will become strong, and negative distortion aberration 
will increase. 

[0011] Moreover, the aspheric surface can be used for the 1st group lens, the 2nd group lens, and the 3rd 
group lens at lens equipment for projection of this invention. If the aspheric surface is used for each group, 
increase and the further aberration amendment of flexibility of aberration amendment will be attained by 
carrying out aberration amendment of the axial' Uemitsu line in the aspheric surface of the 1st group lens 
and the 3rd group lens according to amendment of distortion aberration, the chromatic aberration of 
magnification, etc., and the aspheric surface of the 2nd group lens. 

[0012] If the aspheric surface is especially used for the 3rd lens outgoing radiation side of the high 3rd 
group lens in beamoflight height of an axial outdoor daylight line, aberration amendment of an axial 
outdoor daylight line can be performed effectively. Moreover, if the aspheric surface is used for plane of 
incidence of the 2nd lens of the 2nd group lens, aberration amendment of the axial Uemitsu line can be 
performed most effectively. 

[0013] In lens equipment for projection of this invention, if a plastic lens is used for the 1st lens of the 1st 
group lens with largest diameter of a lens, hghtweight-ization of lens equipment for projection is 
realizable. However, since a plastic lens carries out configuration change with temperature and humidity, 
if power of a plastic lens is large, lens properties, such as a lens focus and MTF, will deteriorate. Even if a 
plastic lens carries out configuration change with temperature and humidity, the following conditions are 
conditions for a lens property not to deteriorate, and control power of a plastic lens. 
[0014] 

7<|fLl / f | - (5) - compared with a glass lens, it is hard to come out of configuration precision, and 
dispersion of a plastic lens is usually large again. So, with lens equipment for projection of this invention, 
deterioration of a lens property when configuration precision differs in carrying out incidence of the beam 
of light to a plastic lens of the 1st lens of the 1st group lens almost vertically is prevented. Making it be 
the above, by things, form tolerance of a plastic lens is extended and mass production nature is raised. 
[0015] For a miniaturization of a projection mold image display device, a miniaturization of lens 



equipment for projection and wideangle-izing are required. By carrying out eccentricity of the 
optical-axis center of lens equipment for projection to a center of a projection screen, a miniaturization of 
a projection mold image display device is further realizable. Moreover, it is necessary to carry out 
eccentricity also of the Fresnel screen to a projection screen by having carried out eccentricity of the lens 
equipment for projection to a center of a projection screen. 

[0016] Usually, since distance from an optical- axis center of lens equipment for projection to the upper 
and lower sides of a projection screen is different when eccentricity of the optical-axis center of lens 
equipment for projection is cjarried out to a projection screen center, a difference will appear in a 
circumference quantity of light ratio. In this invention, a difference of a circumference quantity of light 
ratio in the projection screen upper and lower sides is made into 10% or less, and it is made almost 
equivalent brightness by the projection screen upper and lower sides. 
[0017] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained using a 
drawing. Drawing 1 , drawing 5 , drawing 9 , drawing 13 , and drawing 17 are explanatory drawings of 
the lens equipment for projection concerning the gestalt of 1 operation of this invention. Although 
explained using drawing below, about drawing 5 , drawing 9 , drawing 13 , and drawing 17 , since it is 
thought that he can understand like drawing 1 from the data shown in tables 2-5, explanation is omitted, 
and drawing 1 is mainly carried out and is explained below. 

[0018] In drawing 1 , the lens equipment 4 for projection which consists of the 1st group lens 1 of the lens 
equipment for projection, the 2nd group lens 2, and the 3rd group lens 3, the total reflection prism (it is 
called TIR prism below) 5, and the DMD element 6 are illustrated from the screen side (not shown [ a left 
side ] in space), respectively. From the light source, the light which carried out outgoing radiation carries 
out incidence from the TIR prism plane of incidence 51, and carries out total reflection in respect of [ 52 ] 
the total reflection of TIR prism, and incidence is carried out to the DMD element 6. It reflects in respect 
of [ of the DMD element 6 ] active, and the light which carried out incidence penetrates the TIR prism 5, it 
carries out incidence to the lens equipment 4 for projection, and it is projected on a screen. 
[0019] The lens equipment 4 for projection is constituted by the 1st group lens 1 with negative refractive 
power, the 2nd group lens 2 with positive refractive power, and the 3rd group lens 3 with positive 
refractive power. Moreover, the 1st group lens 1 consists of the 1st lens 11 of the negative meniscus lens 
which turned the convex to the screen side, the 2nd lens 12 of the negative meniscus lens which turned 
the convex to the screen side, the 3rd lens 13 of a biconcave lens, and the 4th lens 14 of a biconvex lens. 
The 2nd group lens 2 consists of the 5th lens 21 of a biconvex lens, drawing 22, and the 6th lens 23 of a 
biconvex lens. The 3rd group lens 3 consists of the 7th lens 31 which has a plane of composition and the 
8th lens 32, the 9th lens 33 which turned the concave surface to the screen side, and the 10th lens 34 of a 
biconvex lens. 

[0020] Resin is stuck on the 6th lens 23 of the 2nd group lens 2, and the 9th lens 33 of the 3rd group lens 3 
in the gestalt of operation of drawing 1 (it is called a hybrid lens below). A hybrid lens front face is the 
aspheric surface (the field on which resin is stuck is the spherical surface). Moreover, the 1st lens 11 of the 
1st group lens 1 is using the plastic lens. The 1st lens 11 of the 1st group lens 1 is a lens with the largest 
diameter in the lens equipment 4 for projection. Lightweightization of the lens equipment 4 for projection 
can be attained by using this 1st lens 11 as a plastic lens. However, a configuration changes with 
temperature and humidity and a plastic lens has the problem that a lens property will deteriorate. In 



order to suppress deterioration of the lens property by the temperature of a plastic lens, and humidity, the 
power of a plastic lens needs to be controlled and deterioration of a lens property is pressed down as much 
as possible according to the following conditions in this invention. 

[0021] 7<|fLl / f |, however f Focal distance fLl of the whole system : Configuration precision cannot 
come out of a plastic lens to the focal distance and general target of the 1st lens 11 of the 1st group lens 1 
easily rather than a glass lens. With the lens equipment 4 for projection of this invention, by carrying out 
incidence of the beam of light to the 1st lens 11 of the 1st group lens almost vertically, even if 
configuration precision is bad, deterioration of a lens property is suppressed. Thereby, form tolerance can 
be expanded and mass production nature is raised. Moreover, this plastic lens is the aspheric surface and 
has amended distortion aberration. 

[0022] The 9th lens 33 of the 3rd group lens 3 is a hybrid lens of the aspheric surface, and since the 
beam of light height of an axial outdoor daylight line is high, it is effective for performing aberration 
amendment besides a shaft. Moreover, the aberration amendment on a shaft can be effectively amended 
by arranging the hybrid lens of the aspheric surface on the 6th lens 23 of the about 22 drawing 2nd group 
lens 2. By making it such a configuration, a predetermined back focus can be obtained and it is possible to 
arrange TIR prism 5 between the lens equipment 4 for projection and the DMD element 6. By these 
configurations, securing a miniaturization and wideangle-izing of the lens equipment for projection, 
amendment of many aberration was made good and high resolution projection is realized. The following 
conditions are satisfied at the time of this configuration. 
[0023] 

1.4< | fl | /f - (l)2.8<f3 / f - (2)3.6<fb/f « (3)0. 1< I fl/f23 1 <0.3 (4) -4 Correct. The conditions of the synthetic 
focal distance above (l) of the focal distance f23:2nd group lens of the focal distance f3-3rd group lens of 
the back focus fiast group lens of the whole system and the 3rd group lens and (2) are conditions which 
reduce the chromatic aberration of magnification. £ - focal distance ffr of the whole system - The power 
of the 1st group lens which is the group to which axial outdoor daylight line height becomes the highest, 
and the 3rd group lens is controlled. | If f 1 1 /f, and f3 / f cut a minimum, amendment of the chromatic 
aberration of magnification will become difficult. 

[0024] The conditions of the above (3) are conditions for securing a BAKKUFTJ focus. When fb/f cuts a 
minimum, a back focus becomes small and it becomes impossible to arrange an optic between the lens 
equipment for projection, a liquid crystal display element, or a DMD element. 

[0025] If | fl / £23 1 exceeds a maximum, the positive power of the 2nd and 3 group will become strong, 
and it will become difficult to secure [ of a back focus ] the conditions of the above (4). | If f 1 / f23 I is less 
than a minimum, the negative power of the 1st group lens will become strong, and negative distortion 
aberration will increase. 

[0026] Next, the table of this invention is shown, drawing 1 whose table 1 is the schematic diagram of the 
lens equipment for projection concerning the gestalt of 1 operation of this invention - a table 2 - drawing 
5 - a table 4 supports to drawing 13 and a table 5 supports [ a table 3 ] drawing 9 at drawing 17 , 
respectively. In a table, Ri is counted from a screen side, the radius of curvature of the ith field (the field 
of drawing is included) and Di are counted from a screen side, and the shaft top gap from the i th field to 
the i+lst fields, Nj, and nuj are counted from a screen side, and are the refractive index (d line) and the 
Abbe number of the j-th lens. 

[0027] In .... formula:Z= (l/Ri) and h2/[l+root{l- <K+l), 2, and h2}]+A, h4+B, h6+C, h8+D, and hl0+ for 



which the display of the aspheric surface is generally used - Z is made into the coordinate of the direction 
of an optical axis, and it is shaft top radius of curvature. : An h[ Ri and cone constant^ and Mens radial 
coordinate, a high order aspheric-surface coefficient: It is specified by giving A, B, C, D, and ■-. 
[0028] 
[A table l] 
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[0029] 

Aspheric surface: The 1st page K:2.068172, A:-9.034348e7, B:2.140360e-9, C: 1.175769el2, 
D:2.708077e-16 The 2nd page K>1. 161402, A:-4.055402e-7, B:-5.42700e-10, C: 8.850174e-12, 
D:-1.234473e-14 The 12th page K>6729.736862, A:-4^477155e-5, B: -1.779039e-7, C:i.971636e-9, 
D:-1.147868e-ll The 20th page K:l.456989, A:4.909620E-6, B:2.770520e-9, C: 2.103590e-ll, the 
D:3.609500e-14 f number FNO=2.75 Half field angle omega= 43.9 degrees f 11.28, fb : 40.8, fi:-17.1, 
f3:48.7, f23:81.5 I fl| / f = 1.52 f3 / f= 4.3 fb / f= 3.62 | fl/f23 1 =0.21 The spherical aberration about | fLl / 
the f I =7.98 1st table is shown in drawing 2 , and drawing 3 and distortion aberration are shown for 
astigmatism in drawing 4 . In each aberration drawing, in G, 555nm and R show 650nm, B shows the 
aberration of a 450nm beam of light, S shows the sagittal image surface of a 555nm beam of light, and M 
shows the meridional image surface of a 555nm beam of light. Many aberration is amended good and the 
high-definition property is realized so that more clearly than drawing 2 -4. In addition, although the 
DMD element is used as an image display element in the above-mentioned example, it is also possible to 
transpose to the display device which is made to penetrate and reflect light with a liquid crystal display 
element or an electrical signal, and forms an image. 



[0030] 
[A table 2] 
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[0031] 

Aspheric surface: The 1st page K:0, A:i.303107Ee-3, B:i.54150e-6, C:i.l85250e-9, D: -5.127177e-13 The 
2nd page K:0, A:5.820000e-4, B:2.944327e-7, O4.041408e-9, D: -3.178235e-13 The 5th page 
K:-683119333.312 A7.560320e-4, B:-9.918486e-6, C: 4.248327e8, D:-7.666378ell The 6th page 
KM.907139, A: 1.750551e-3, B:-2.284930e-5 C:i.382748e-7, D:-2.934505el0 The 19th page K:0, 
A:-5.439591e-4, B:-3.067743e-6, C: 1.206313e-8, D:6.496498el2 The 20th page K:0, A:3.892849e-4, 
B:-3.091477e-6, C: 1.131288e-8 and D:i.049618ell f number FNO=2.75 Half -field angle omega=43.9 
degree f 11.28. fb : 40.8, fi:-16.6, f3:33.3, f23:59.1 I fl| /f= 1.48 f3 / f= 2.97 fb / f= 3.62 | fl/f23 1 =0.288 The 
spherical aberration about I fLl / f | =7.12 table 2 is shown in drawing 6 , and drawing 7 and distortion 
aberration are shown for astigmatism in drawing 8 . In each aberration drawing, in G, 555nm and R show 
650nm, B shows the aberration of a 450nm beam of fight, S shows the sagittal image surface of a 555nm 
beam of light, and M shows the meridional image surface of a 555nm beam of light. 

[0032] Many aberration is amended good and the high-definition property is realized so that more clearly 
than drawing 6 -8. 
[0033] 
[A table 3] 
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[0034] 

Aspheric surface: The 1st page K:2.429735, A:i.883753e-6, B:-3.060454e-9, C: 2.691520el2, 
D:-1.704096e-15 The 2nd page K>1.097959, A:-5.144892e-7, B:-8.354796e-9, C= -3.030524el2, 
D:8.085546e l5 The 12th page K>6006.527896, A:-9.250468e-5, B:5.790455e-7, C: 1.088606e-8, 
D:6.718634ell The 20th page Rl. 170151, A5.679944E-6, B:8.160707e9, C: 8.28354e-12, 
D:i.l59747e l3 F number FNO=2.75 Half-field angle omega= 43.9 degrees f 11.25, fb : 40.8, fi:-18.1, 
f3:43.68, £23:93.15 I fl I / f = 1.61 f3 / f=3.88 fb / f= 3.62 | fl/f23 1 =0.19 The spherical aberration about I fLl 
/ f|=8 table 3 is shown in drawing 10 , and drawing 11 and distortion aberration are shown for 
astigmatism in drawing 12 . In each aberration drawing, in G, 555nm and R show 650nm, B shows the 
aberration of a 450nm beam of light, S shows the sagittal image surface of a 555nm beam of light, and M 
shows the meridional image surface of a 555nm beam of hght. Many aberration is amended good and the 
high* definition property is realized so that more clearly than drawing 10 12. 
[0035] 
[A table 4] 
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[0036] 

Aspheric surface: The 1st page K:2.068171, A3.704251e-7, B:-1.773038e-9, C: 2.586699el2, 
D:-1.350369e-15 The 2nd page KM.080023, A-3.950647e-7, B:-1.071853e-8, C: 1.462552ell, 
D:-1.035022e-14 The 12th page K>6729.726862, A:-4.546386e-5, B:-1.908974e-7, C: 2.662512e-9, 
D:-2.171104ell The 20th page K:i.349085, A6.028083E-6, B:5.573375e-9, C: 1.681841ell, 
D:5.542812e l4 F number FNO=2.75 Half-field angle of omega= 43.9 degrees f 11.2578, fb : 40.8, fi:-17.42, 
f3:46.14, f23:90.02 | fl | / f= 1.55 f3 / f= 4.10 fb / f= 3.62 I fl/f23 1 =0.12 The spherical aberration about I fLl 
/ f I =7.99 table 4 is shown in drawing 14 , and drawing 15 and distortion aberration are shown for 
astigmatism in drawing 16 . In each aberration drawing, in G, 555nm and R show 650nm, B shows the 
aberration of a 450nm beam of light, S shows the sagittal image surface of a 555nm beam of light, and M 
shows the meridional image surface of a 555nm beam of hght. Many aberration is amended good and the 
high-definition properly is realized so that more clearly than drawing 14 -16. 
[0037] 
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[0038] 

Aspheric surface: The 1st page K>26.973907, A:i.268671Ee-5, B:-1.401240e-8, C: 9.599903e-12, 
D:-3.473665e-15 The 2nd page K>0.043044, A:6.080164e-5, B:i.l33503e-9, C: -3.810279e-ll, 
D:7.928239e-17 The 5th page K>106.491112, A:4.681539e-6, B:-1.235157e-7, C: 4.670941el0, 
D:-7.569594e-13 The 6th page K>0.719376, A:4.522386e-6, B:-2.621143e-7, C: 1.498970e-9, 
D:-3.115547e l2 The 19th page K:8181. 539060, A:-1.735505e-5, B:-3.594589e-8, C: 3.445454el2, 
D>7.173390e-14 The 20th page K: 1.780692, A:-5.749135e-6, B:-3.207989e-8, C: 3.733309ell, 
D:-9.642571e-14 F number FNO=2.75 Half-field angle omega=43.9 degree f 11.257, fb : 40.8, fi:-15.94, 
f3:32.6, f23:53.95 I fl I / f= 1.42 f3 / f= 2.89 fb / f= 3.62 | fl/f23 1 =0.295 The spherical aberration about I fLl 
/ f I =7.10 table 5 is shown in drawing 18 , and drawing 19 and distortion aberration are shown for 
astigmatism in drawing 20 . In each aberration drawing, in G, 555nm and R show 650nm, B shows the 
aberration of a 450nm beam of light, S shows the sagittal image surface of a 555nm beam of light, and M 
shows the meridional image surface of a 555nm beam of light. Many aberration is amended good and the 
high- definition property is realized so that more clearly than drawing 18 -20. 

[0039] Drawing 21 is the schematic diagram of the projection mold image display device using the lens 
equipment for projection concerning this invention. The light by which outgoing radiation was carried out 
from the light source is irradiated by the DMD element 6, and the light reflected by the DMD element 6 
carries out incidence to the lens equipment 4 for projection. Amplification projection of the image which 
outgoing radiation of the light which carried out incidence was carried out from the lens equipment 4 for 
projection, it reflected by the mirror 7, and was formed on the DMD element 6 is carried out on a screen 8. 
Since the projection mold image display device 9 is miniaturized, a mirror 7 is for bending the optical 
path of the light by which outgoing radiation was carried out from the lens equipment 4 for projection. 



Moreover, it miniaturizes, the lens equipment 4 for projection is wideangleized, and the projection mold 
image display device 9 is miniaturized. 

[0040] To the center of a screen 8, by carrying out eccentricity of the optical-axis center of the lejis 
equipment 4 for projection, arrangement of each part article in the projection mold image display device 9 
was optimized, and the further miniaturization of the projection mold image display device 9 was realized. 
Moreover, eccentricity also of the center of the Fresnel screen is carried out in connection with carrying 
out eccentricity of the optical-axis center of the lens equipment 4 for projection to the center of a screen 8. 
[0041] The relation between the distance from a screen pin center, large and aperture efficiency is shown 
in drawing 22 . Since the lens equipment 4 for projection has high aperture efficiency, if it is used for the 
projection mold image display device 9, the image of the brightness which does not have a screen core and 
inferiority in the periphery of a screen will be obtained so that drawing 22 may show. Moreover, by the 
upper and lower sides of a screen, when eccentricity of the optical-axis center of a projector lens 4 is 
carried out to the center of a screen 8 as mentioned above, since the distance of object quantity differs 
from the optical-axis center of the lens equipment 4 for projection, the aperture efficiency of a screen 
differs. For this reason, circumference quantity of light ratios will differ by the screen upper and lower 
sides, and it will become brightness unevenness. The object quantities to which a screen corresponds up 
and down with the lens equipment for projection of this invention are 0.9 and 1.0, and this difference is 
about 8%. Therefore, on a screen, it becomes an almost equivalent circumference quantity of light ratio, 
there is no brightness unevenness of the screen upper and lower sides, and uniform brightness can be 
obtained. 
[0042] 

[Effect of the Invention] while carrying out the miniaturization of the lens equipment for projection, and 
reservation of a back focus according to this invention the above passage - in addition - and many 
aberration can be satisfied good so that clearly from lens property drawing etc. That is, in the projection 
mold image display device using the lens equipment for projection by this invention, it is uniform to a 
screen periphery, and is bright, and a high resolution image can be obtained. 



[Translation done.] 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing ll The schematic diagram of 1 operation gestalt of the lens equipment for projection concerning 
this invention 

[Drawing 2] Drawing showing the spherical aberration in the lens equipment for projection concerning 
this invention 

[Drawing 31 Drawing showing the astigmatism in the lens equipment for projection concerning this 
invention 

[Drawing 4] Drawing showing the distortion aberration in the lens equipment for projection concerning 
this invention 

[Drawing 51 The schematic diagram of 1 operation gestalt of the lens equipment for projection concerning 
this invention 

[Drawing 6] Drawing showing the spherical aberration in the lens equipment for projection concerning 
this invention 

[Drawing 71 Drawing showing the astigmatism in the lens equipment for projection concerning this 
invention 

[Drawing 3l Drawing showing the distortion aberration in the lens equipment for projection concerning 
this invention 

[Drawing 9] The schematic diagram of 1 operation gestalt of the lens equipment for projection concerning 
this invention 

[Drawing lQl Drawing showing the spherical aberration in the lens equipment for projection concerning 
this invention 

[Drawing 11] Drawing showing the astigmatism in the lens equipment for projection concerning this 
invention 

[Drawing 12] Drawing showing the distortion aberration in the lens equipment for projection concerning 
this invention 

[Drawing 131 The schematic diagram of 1 operation gestalt of the lens equipment for projection 
concerning this invention 

[Drawing 14] Drawing showing the spherical aberration in the lens equipment for projection concerning 
this invention 

[Drawing 15] Drawing showing the astigmatism in the lens equipment for projection concerning this 
invention 



[Drawing Drawing showing the distortion aberration in the lens equipment for projection concerning 
this invention 

[Drawing 17] The schematic diagram of 1 operation gestalt of the lens equipment for projection 
concerning this invention 

[Drawing 18] Drawing showing the spherical aberration in the lens equipment for projection concerning 
this invention 

[Drawing 19l Drawing showing the astigmatism in the lens equipment for projection concerning this 
invention 

[Drawing 20] Drawing showing the distortion aberration in the lens equipment for projection concerning 
this invention 

[Drawing 21] The schematic diagram of the projection mold image display device incorporating the lens 
equipment for projection concerning this invention 

[Drawing 22l Drawing showing the aperture efficiency in the lens equipment for projection concerning 
this invention 
[Description of Notations] 

1 [ - Lens equipment for projection, ] - The 1st group lens, 2 - The 2nd group lens, 3 - The 3rd group lens, 
4 5 [ - Screen, ] - TIR prism, 6 - A DMD element, 7 - A mirror, 8 9 - A projection mold image display 
device, 11 - The 1st lens of the 1st group lens, 12 - The 2nd lens of the 1st group lens, 13 - The 3rd lens 
of the 1st group lens, 14 - The 4th lens of the 1st group lens, 21 [ - The 7th lens of the 3rd group lens, 32 / 
- The 8th lens of the 3rd group lens, 33 / - The 9th lens of the 3rd group lens, 34 / - The 10th lens of the 
3rd group lens. ] The 5th lens of the 2nd group lens, 22 - Drawing of the lens equipment for projection, 
23 - The 6th lens of the 2nd group lens, 31 



[Translation done.] 
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